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Abstract

This paper describes a simulation, written in GPSS/360 which models a system of

container deployment for Boeing 747 airoraft,

The simulation uses as input a

£light schedule together with deadload demand distributions betiween clty~pairs
in the system and models the operating system of both aircraft and ocontainers

in some detail.

The output from the progrem is the number of containers

required at a statlon to setlisfy a specified standard of servics, The
immediate purpose of the model is to help in minimisirg the stookholding of
oontainers at individual stations and to suggest possible improvements in the

system itself,
1, THE PROBLEM

The advent of Boeing 747 aircraft (Jllustrated in
Figure 1) with its greatly increased capacity over
the present generation of sircraft both for
passengers and deadload brings with it many
problems of ground handling if the turnround time
1s to be kept at the same level expectsd of
present day aireraft. Suck a condition is
sssential for the effective utilisation eof the
eircraft,

In order to minimise the problems in the handling
of deadload it was decided to carry nearly all
deadloed in the B747 in eontainers, instead of by
the present method of either loose stowage (tor
pessengers® baggage, mail and most cargo) or
palletisation (for some ocargo)s The B747 will
have a capacity of 30 half-ocontour oontainers
looated in two oompartments, BOAC plans
eventuslly to operate 12 of these airoraft with
flights ocalling at over 30 stations, and all the
oontainers will be dusl purpose so that any
container can carry any form of deadload. A
typical BOAC oontainer is illustrated in Figure 2.

At any station there will be an appreciable
turnround time for containers to be unloaded and
made available for re-use, This will necessitate
the holding of a stock of containers at each
station since an airoraft camnot normally wait for
oontainers to be unloaded from and then reloaded
on to it These station stocks had to be
caloulated by BOAC Traffic Branch so that they
would both be able to order sufficient oontainers
to meet the needs of the airline and also stock
enough oontainers at individual stations round the
world with some confidence that they would be
deployed properly.

The rhasing into service of the 12 airoraft will
be over a period of three years starting from
April 1970 and oontainers will be ordersd from
1969, Thus it is not essential to evaluate
container requirements for all stations at once
and, it is hoped, errors due to present
uncertainty about operation of the system will dbe
removed as more experience is gained sbout the
operation. In fact in the first two years there
will only be 7 stations on-line; the rest will be
added at the start of the third year,
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FIGURE 2

A DUAL-PURPOSE B747 CONTAINER



2, DESCRIPTION OF THE SYSTEM
2,1 SYSTEM CONSTRAINIS

The operation of the system as envisaged at
present 1s for each aircraft to alweys carry the
full complement of ocontainers (30) whether these
containers are full or empty. Also there will
be no mixing of different kinds of deadload in
the same ocontalner and there will be no mixing of
the same kind of deadload destined for different
staticns, Thus each station en~route will have
at least one container for each type of deadload
(provided, of course, there is some present for
it), Moreover ocontainers not being carried will
always remain at an airport and will not be
despatched either to agents or customers outside,
These constraints might be removed at some later
date and 1t was a requirement of the simulation
model that such changes could be incorporated aso
thet various operating strategles could be tested
and evaluated.

2,2 THE OFERATION OF A SERVICE

The dotails of the opsration cen be best
described with an example of an individuasl
service, Therefore consider the BOAC service
BA501, This will operate over the route
London(LER)/New York(JFK)/Bermuda(BDA) and then
return over the same route,

At varying times before the airoraft leaves LHR
ocontalners must be removed from stock and £illed
with deadload for both JPK and BDA, Containers
for cargo will be loaded before containers for
mail and oontainers for passengers' baggage will
be loaded last of all, Two extra oontainers will
be used for orews' baggage and oddments,

Finally enough empty corntainers must be removed
from stock in order to ensure the aircraft
carrying the full oomplement of 30,

Similarly at varying times before the aircraft is
due to depart from JFK contalners must be removed
from the stock there and filled with dsadload for
EDA, When the alrcraft arrives at JFK containers
destined for that station must be unloaded,

leaving those for EDA untouched, and, depending
on the time that the aircraft is on the ground,
posslibly made available for re-use, A short
time before the fiiéht departs for BDA the
containers filled at JFK must be loaded on to the
alroraft. Empty containers might have to be
removed from stock in order to ensure that the
full complement is ocarried or some may have to be
added to stock if it is necessary to replace
empty containers initially in the aircraft by full
ones.

The same sequence of events 1s carried out at BEDA
where freight destined for both JFK and LHR ia
loaded, Figure 3 illustrates these events in

flow=chart form.
2.3 ABSTRACT FCRMULATION

In essence then there is a eontinmucus system with
points where containers axe being moved in and
out of stook, The times at which this alteration
of stook takes place depends on the times of
arrivel and departure of sircraft linking these
points and carrying ocntainers from each point to
geveral others, The amount of stock removed and
replaced is directly related to the deasdload to

be carried between points in the system,

3« PRELIMINARY WORK

As ocan be seen from the above there are two basie
data requirements which are essentisl to any
solution method to the problem, The firat is a
knowledge of the schedule of B747 operations and
the second iz the probabllity of demand for ocargo,
meil and passengers between any two points in the
network, There are also certain system
‘constants' which must be known: amount of carge
that can be carried in a container, average
mumber of pieces of baggage per passenger and,
finally, information has to be known on the times
prior to departure or after arrival of an airoraft
{that oontainers for a given type of deadload have
to be removed or replaced in stock,

A preliminary study of the problem was made and an
attempt at the determination of station
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TYPICAL, SEQUENCE OF EVENTS AT A STATION FIGURE 3

TIME IN
MINS

=240 =  CONTAINERS FOR CARGO REMOVED FROM STOCK & FILLING COMMENCED

-180 « CONTAINERS FOR MATL, REMOVED FROM STOCK & FILLING COMMENCED

- 60 = CONTAINERS FOR BAGGAGE REMOVED FROM STOCK & FILLING COMMENCED

0 [ = TIME OF ARRIVAL OF AIRCRAFT
5 | = CONTAINERS REMOVED FROM ATRCRAFT
10 | = TUNLOADING OF CONTAINER CONTENTS BEGINS
30 | - SOME CONTAINERS MADE AVAILABLE POR RE-USE IF NECESSARY
35 | = FULL CONTAINERS STORED ON AIRCRAFT
40 | - ADDITIGNAL EMPTY CONTAINERS PUF ON A/C IF NECESSARY

5 =  ATRCRAFT DEFARTS

120 -~  CONTAINERS RFPLACED IN STOCK

180 =~  CONTAINERS REPLACED IN STOCK

360 ~  CONTAINERS REPLACED IN STOCK
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stoskholding with 2 services and 3 stations in
the system was made by hand. This was done by
a deterministic pencil and paper simulation,
using average demends, It was hoped that it
would not be necessary to simulate the largexr
system and that reasonsble results ocould be
obtained by a simple deterministic approach,

However it was found that, because of the
presence of multi-sector services (i.e., flights
visiting more than one station befors returning
to base), it would not be feasible to keep
track of the locatlon of all containers and to
bear in mind possible capasoity constraints.
Therefore it was decided to build a simulation
model of the complete system incorperatlng the
real-world details (such as varisble demand)
which would also have the additional pay-off of
being able to test different operating
strategles,

4. MODEL FORMULATTON
4,1 CHOICE OF LANGUAGE

The only ohoice of programming languages
avaeilable was between the general purpose
solentific languages (Fortran snd PL/1) or
¢PSS, Having had prior experlience of writing
a smell queueing simulation in PL/1 and finding
it unsuitable in terms of both development time
and program sige it was readily apperent that
a special purpose simulation langusge would
have to be used and as GPSS was the only one
available it was chosen. In fact it can be
said (with more than a little hindeight) that,
dats input apart, GPSS is ideal for this
problem mainly because of the elegant way in
vwhich an airoraft schedule can be simulated.

It is this oyclic schedule which is at the
heart of the program,

4,2 DEFINIYION OP EVENTS

The main problem assoclisted with bullding a
similation model in GPSS was to declde what
;reri the important events in the system, At
first thought 1t seemed that & straightforward
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simudation of the sireraft flight patbtern would
be sufficient as all events associated with a
change in stockholding of containers are
directly related to the movement of aireraft
through the stations. However it soon became
apparent that the removal of containers from
stock ocours at some time prior to am airerafi
arrival at a station and replacement of
containers in stock occur at some time after

an airoraft departure from a station. ‘Thus one
of the important events (removal from stock) is
directly actuated by an event (aircraft arrival)
which ocours at a later time. Therefors, as
in any simulation, events must be clearly
defined in ascending chronologlcal order, it was
decided to have two GPSS transactions connected
with flights - one was the flight itself and the
other was a *duumy! flight which would follow
exactly the seme route as the actual flight but
precede 1t in time by the smallest amount
necessary to ensure that the first removel of
containers from a station stock would not ocour
before the arrival of this dummy flight at a
station,

Thus if no oontainers were removed from stock
before, say, 6 hours prior to an aircraft
arrival then the dummy flight would precede the
actual flight by 6 hours,

443 DESCRIPIION OF THE MCDEL

In the model the dunmy flight transactions
trigger off new transactions which simulate the
withdrawal of conteiners from stoeck whilst the
actual flight transactions trigger off other
transaotions which simulate replacement of
containers, Sampling for demand between two
stations en-route is performed by the dummy
flight transaction at the time of its arrival
at a statlion and the number of containers needed
for this sampled demand is stored directly in
parameters of the transactions which represent
container withdrawal, When the actual flight
transactions farrive' at a atation the number of
oontalners carrying each type of deadload is



stored in a parameter of the respecilive
replacement transactions and immediately prior
to departure the number of new ocontainers
destined for stations en-route is stored.

Klso at this time the mumber of enpty
eontainers necessary to meke the complement up
to 30 is found and empty containers elthex
withdrawn or added to stoock.

Thus in the GPSS model there are transactions
representing the actual flight, the 'duemy!
flight, eontainer withdrewal and oontainer
The oontainer atocks are
There is one

replacement,
reprosented by GPSS storages.
user chain for each flight related to ocontainers
which have been withirawn from stock but have
not been loaded into the aircraft; there is
also a GP3S group for each flight. This has
no real-world signifiecance but provides a means
of either altering or storing numbers of
oontainers in one transaction by means of
another,

A simple flow-chart which shows the
interrelationship of entities in the model is
ocontained in Figure 4.

Se

There are two items of date input to the model
which, by their nature, have to be forecast,

One of them is the range of times prior to an
aircraft arrival that containers for the
different types of freight will be removed.

As BOAC has had no previous experience of
oontainerization, forecasts based on the present
method of palletization have had to be used,

FROELEMS OF DATA

Once the B747 is in operation much more precise
information will be availsble concerming this
agpect and simulation results for fubure years
should be correspondingly more accurate.

The second forecast item of data is the
probability distribution of deadload demand
between city-pairs in the system, Deadload is
split up into the three categories cargo, msil

and passengers' baggage, The form in which
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these distributions were oalculated was in terms
of the number of ooccasionas over a period that an
alroraft would carry a specified range of weight
(for cargo and mail) or a specified rangs of
numbers of passengers. It should be appreciated
that these have been forecast using existing
date for the present generation of aircraft and
although rates of growth of traffic have been
allowed for, the problems azsociated with
forecasting demand for a much bigger aircraft
are diffiocult and it is impossible at this +time
to eatimate what the probable error of the
forecasts are,

In the model samples are taken from the above
distributions and using the data on container
eapacities the required number of containers
needed to carry the sampled demand is caloulated,
Again problems arise solely because the system
ig not yet in operation: it is not known how
far 'topping-up! of containers will be
practicable, Thus in the example of BASO1 it
might be possible to add deadload going from JFK
to BDA to the containers already on the airoeraft
which were loaded at LHR for BDA, Uneertainty
about this should be resolved very quickly once
the system is functioning.

6. OPTIONS OF THE MODEL.

As mentioned previously a major requirement of
the model was that changes in the operation of
the system could be easily inocorporated into the
model, At present an option eﬁsts in the model
for only carrying full containers on board,
enabling this policy to be oompared with the
standard policy of sarrying a full ocomplement of
oontainers where they are needed. Also
facllitles exist in the model to speoify, if
topping-up should be used, how much spaoce should
be avallable in a ocontainer to allow this,

7.
Although the system does not keep track of

INFORMATION FROM THE MODEL

individual containers full information is kept on

ocontainers carryling each type of deadload from



GPSS ENTITY DESCRIPTION OF STATION EVENTS FIGURE &

DUMMY FLIGHT
' XACT 'ARRIVES'
_ ! AT STATION
3 CONT REMOVAL
XACTS CREATED Y
\;
SAMPLE DEMAND
\ & ASSOCIATE
V WITH CONT
REMOVAL XACTS
REMOVE NO OF
CONT TNITS
FROM STORAGE A
DUMMY FLIGHT
XACT FLIES TO
FLIGET XA * NEXT STATICN
ARRTVES AT
STATTON
NO OF CONTS T0 ST REIOVAL
BE LOADED (N XACTS DESTROYED
A/C FOUND FRM
CONT REMOVAL
XACTS
V ! 3 CONT REPLACEMENT
XACTS CREATED
FLIGHT XACT +
H
N&fssﬁgm KO OF CONTS UNLOADED

FROM A/C DETERMINED

Y

REPLACE NO OF CONT
UNITS IN STORAGE

CONT REPLACEMENT
XACTS DESTROYED
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one station to anothexr, As the immediate
requirement of the model is to simply estimate
container stoekholding the output consists of
tables and graphs for each station showing the
distribution of the nmumbers of contalners out
of stock after a demand has occurred. The
results are then discussed with BOAC Traffic
Branch and together some agreement is reached
regarding what constltutes an accepiable
shortage risk and hence an acoceptable stock
level, bearing in mind such imponderables as
damage to containers.

8, BASIC RESULTS

Up to date the model has been run with a
maximum of 5 services and 7 stations, The
overall number of contalners needed to provide
a 100% level of service varies from about 320
to 350 depending on the turnaround times for
containers carrying different kinds of deadload.
With a 95% level of service the number required
varies from about 275 to 300,

It has also been found that an increase in
container turnarcund times from 12 hours to

20 hours makes no difference to eontainer
requirements at some stations, The range of
turnaround times over which no extra containers
are needed is, of course, only a function of the
sohedule since no delay distributions have yet
been built into the model. However it is felt
that the oomplication of delays need not be
inoorporated until some idea has been gained
about the sensitivity of the model to the
various time parameters,

9. RESOURCES USED

The development of the simulation program
started in February 1969, Only the author, an
operational research analyst, has been working
on the project up to date. The initial
development stage including testing took about
2 man-months to complete and involved about 80
ocomputer runs teking about 200 minutes of
computer time, As data becomes avallable
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another 2 man-months haes been spent in collating
it and running the model.

The number of cards in the progran including
both input and output requirements is about

4500 and the number of GPSS blocks is around 275,
The program ocoupies sbout 90K bytes of storage
on an IBM360/65 and a run simulating 5 flights
and. 7 stations for 18 months takes about 13 mins
of computer time,

It is not anticipated that a large increase in
the number of flights and mumber of stations
input to the model will increase the storage
requirements by an unacceptably large amount
but it 18 possible that some refinements will
have 1o be made to the model if the running
time increases drastically. However with the
decreasing cost of computer time (partiocularly
with the advent of multi-programming) it seems
more important to economise in storage
requirements rather than in time,

10, PRESENT USEFULNESS AND FUTURE

APPLICATION COF THE M(DEL
As has been emphasised in the paper this
simulation is a model of a system which has not
Yot come into operation and, moreover, a system
unlike any whioch the airline has operated
previously. Consequently much of the
information required for the model is only
available as estimates, However this does not
reduce the present usefulness of the model
because, as observed earlier, little confidence
can be placed in the accuracy of manual
analytical methods of determining optimum
stockholdings. In addition the simulation will
be an aid in determining which data items are
tsensitive' and hence which are oritical to the
officiency of the operation of the system,

Henoe the effect of reducing contalner turnaround
times, for example, can be quantified and in this
way the model may determine the ranges within
which the times must lie to avoid severe
financial penalties,



Future developments include the examination of
strategic policles with regard to the contalner
system e,g. allowing contsiners to be used for
earrying cargo outside airports tc and from
agents! warehouses, It may alse be used to
examine short term planning procedures for
control and movement of empty containers between
stations,

Looking a little further ahead into the future
it is hoped thet it will be poselble to extend
the model to lock at the problem of the way
eargo loeds are alloeated to flights in order
to evaluate the 'goodness®! of a schedule in
terms of the distribution of elapsed times for
the transportation of cargo loads.
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